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® Low-chromium ferritic heat-resistant steel with improved toughness and creep strength. 



© A low-Cr ferritic steel with improved toughness as well as creep strength is disclosred, which consists 
essentially of, by weight %: 

C : 0.03 - 0.12%, Si: 0.70% or less, Mn: 0.10 - 1.50%, 

Ni: 2.0% or less, Cr: 1.50 - 3.50%, W : 1.0 - 3.0%, 

V : 0.10 - 0.35%, Nb: 0.01 - 0.10%, 

B : 0.00010 - 0.020%, N : 0.005% or less, 

Al: 0.005% or less, 

Ti: not less than 0.001% but less than 0.05%, 
CM Cu: 0.10 - 2.50%, 

^ at least one of La, Ce, Y, Ca, Zr, Ta each in an amount of 0 - 0.20%, and Mg in an amount of 0 - 0.05%, 
^ Mo in an amount of 0 - 0.40%, and 

^ a balance of Fe and incidental impurities including P: not more than 0.030% and S: not more than 0.015%. 
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The present invention relates to a low-chromium ferritic heat-resistant steel which exhibits a high creep 
strength at a temperature of 550 °C or higher and excellent low temperature toughness at room temperature 
or lower. The steels of the present invention are particularly useful in making heat exchange pipes, piping, 
heat resistant valves, and connecting joints which are produced through casting and forging, for example, in 

5 the boiler-making industry, the chemical industry, and the atomic power industry. 

Conventionally, in the manufacture of heat-resistant, pressure-resistant members which are mainly used 
in such industrial fields as mentioned above, austenitic stainless steels, high-Cr ferritic steels (Cr content of 
9 - 12%), low-Cr Mo-containing ferritic steels (Cr content of 3.5% or smaller), or carbon steels have been 
used. Among these, a suitable steel is selected in view of the service temperature and pressure as well as 

10 the circumstances under which the member is to be used. Economy is also important. For example, low-Cr- 
Mo system ferritic steels with a Cr content of 3.5% are characterized in that they are highly resistant to 
oxidation and corrosion and exhibit an excellent high temperature strength in compared with carbon steels 
which do not contain Cr. In comparison with austenitic stainless steels, this Cr-containing steel is also 
inexpensive, it is free from stress corrosion cracking, and it has a small thermal linear expansion coefficient. 

75 In addition, in comparison with high-Cr ferritic steels, this low Cr-containing steel is less expensive and is 
superior with respect to toughness, thermal conductivity, and weldability. 

Typical examples of low Cr-containing steel are JIS STBA 24 (2 1/4Cr-1Mo Steels), STBA 22, and STBA 
20, which are collectively referred to as Cr-Mo steels. 

Precipitation-hardenable elements, such as V, Nb, Ti, Ta, and B may be added to Cr-Mo steels. See 

20 Japanese Unexamined Laid-Open Patent Specification No.57-1 31 349/1 982. No. 57-1 31 350/1 982, No.62- 
54062/1987, No.63-62848/1988, No. 64-6845 1 /1 989, No.63-1 8038/1 988, No. 3-64428/1991, No. 3- 
87332/1991, and Japanese Patent Publication No. 1-29853/1989. 

For use in making turbines, lCr-1 Mo-0.25V steels are well known, and for use in constructing fast 
breeder reactors. 2 1/4Cr-1 Mo-Nb steels are well known. 

25 However, the above-mentioned low Cr-steels are inferior to high Cr ferritic steels and austenitic stainless 

steels with respect to their resistance to high temperature oxidation and corrosion, and have a much lower 
strength at high temperatures. Thus, they have troubles if used at a temperature higher than 550 °C. 

Japanese Unexamined Laid-Open Patent Specifications No. 2-217438/1990 and No. 2-217439/1990 
propose low Cr heat-resistant steels which exhibit improved resistance to high temperature oxidation and 

30 corrosion, have excellent high temperature strength, and can be used in place of high-Cr ferritic steels and 
austenitic stainless steels. 

Since the resistance of a steel to oxidation and to corrosion at high temperatures mainly depends on 
the Cr content of the steel, it is effective to increase the Cr content in order to improve such properties. 
However, the larger the Cr content the lower the thermal conductivity, toughness, weldability, and economy. 
35 The invention disclosed in the above-mentioned Japanese Unexamined Laid-Open Patent Specification No. 
2-217439/1990 is directed to steels having an oxidation resistance improved by the addition of Cu without 
increasing the Cr content. 

On the other hand, the high temperature strength of a material is critical when the material is used to 
form a high pressure-resistant member. It is desirable that the high temperature strength always be great 

40 regardless of service temperatures. This is because in heat and pressure-resistant steel pipes, such as 
those used in boilers and in tubes or containers for the chemical and atomic power industries, the wall 
thickness of a pipe or tube or container is determined by its high temperature strength. 

In addition, toughness is critical for pressure-resistant piping, especially when welding is employed in 
connecting piping. This is because welds are sometimes more brittle than the base material due to 

45 inhomogeneities in structure. If the toughness of a material is substantially degraded, failure during pressure 
testing and fracture during construction or repair of the piping or structure might occur, resulting in less 
reliability of the structure. 

Thus, the following advantages can be obtained when the high temperature strength as well as 
toughness of low Cr ferritic steels have been improved substantially: 
so 1) In rather mild corrosive conditions at high temperatures, less expensive low-Cr ferritic steels can be 
used instead of austenitic stainless steels or high-Cr ferritic steels which have conventionally been used 
in order to ensure high temperature strength. 

2) It will be possible to further reduce the wall thickness, resulting in an improvement in thermal 
conductivity. Thus, the thermal efficiency of equipment can be improved and thermal fatigue of the 

55 equipment, which occurs when the equipment is started and shut down, can also be relieved. 

3) It is also possible to make the equipment compact and to lower the manufacturing costs due to the 
lightening of structural elements. 
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Thus, it is apparent that low-Cr ferritic steels with high strength can result in many practical advantages. 
However, conventional low-Cr steels with high strength have poor toughness. 

For example, Cr-Mo steels, such as JIS STBA 22 and JIS STBA 24, which utilize solution hardening of 
Mo and precipitation hardening of fine carbides of Cr, Fe, and Mo do not exhibit a higher level of high 
5 temperature strength, since the contribution of solution hardening of Mo to an increase in high temperature 
strength is small and the precipitation hardening caused by the carbides is not so great as expected 
because of a rapid coarsening of the carbides. In order to increase high temperature strength, therefore, it is 
advisable to increase the Mo content. However, upon increasing the Mo content, it is inevitable that 
toughness, formability, and weldability are degraded greatly. 
70 On the other hand, the addition of such precipitation hardening elements as V, Nb, Ti, and B is effective 

to improve the strength of steel. However, in this case, too, the steel in which carbides of these elements 
are precipitated in a ferritic matrix exhibits a marked degradation in toughness. Weldability is also 
deteriorated greatly. 

An object of the present invention is to provide a low-Cr ferritic steel the Cr content of which is 3.5% or 
75 smaller and which exhibits improvements in not only high temperature strength but toughness. 

Another object of the present invention is to provide a ferritic steel the Cr content of which is 3.5% or 
smaller and which exhibits not only improved creep strength at a temperature of 550 - 625 * C, a usual 
service temperature for boilers, but also toughness, formability and weldability which are the same or 
greater than those of conventional low-alloy steels. 
20 Still another object of the present invention is to provide a ferritic steel the Cr content of which is 3.5% 

or smaller and which can be used in place of austenitic stainless steels and high-Cr ferritic steels in an area 
where the use of low-Cr ferritic steels is restricted due to their inadequate properties including high 
temperature strength, toughness, formability, and weldability. 

According to the present invention a low-Cr ferritic steel with improved toughness as well as creep 
25 strength is provided, the composition of which is, by weight %: 
C : 0.03 - 0.12%. Si: 0.70% or less, Mn: 0.10 - 1.50%, 
Ni: 2.0% or less, Cr: 1.50 - 3.50%, W : 1.0 - 3.0%, 
V : 0.10 - 0.35%, Nb: 0.01 - 0.10%, 
B : 0.00010 - 0.020%. N : 0.005% or less, 
30 Al: 0.005% or less, 

Ti: not less than 0.001 but less than 0.05%, 
Cu: 0.10 - 2.50%, 

optionally at least one element from the following (i) - (ii): 

(1) La, Ce, Y, Ca, Zr, Ta each in an amount of 0.01 - 0.20%, and Mg in an amount of 0.0005 - 0.05%, and 
35 (ii) Mo in an amount of 0.01 - 0.40%. 

Figure 1 is a graph showing the relationship between the Ti content and creep rupture strength at 
600 °C X 10 4 h. 

Figure 2 is a graph showing the relationship between the N content and creep rupture strength at 
600 °C X 10 4 h for 2 1/4Cr-containing steels. 
40 Figure 3 is a graph showing the relationship between the Al content and creep rupture strength at 
600 °C X 10* h for 2 1/4Cr-containing steels. 

Figure 4 is a graph showing the relationship between the N content and creep rupture strength at 
600 *C X 10* h for 1 Cr-containing steels. 

Figure 5 is a graph showing the relationship between the Al content and creep rupture strength at 
45 600 °C X 10 4 h for 1 Cr-containing steels. 

The present invention is characterized in that the above-described elements are incorporated in suitable 
amounts. The combination of these elements can result in great improvements in toughness as well as 
creep strength. 

In particular, the features of the present invention can be summarized as follows. 

50 (1) Since the addition of nitrogen lowers creep strength after a long time, the content of nitrogen is 
restricted to 0.0050% or less, preferably to less than 0.0050%, and a very small amount of Ti is added to 
fix nitrogen as TiN. Furthermore, the addition of a very small amount of B can improve the creep 
strength due to an excellent synergistic effect of the B addition with the reduction in the nitrogen content. 
Such a synergistic effect can be further strengthened when the Al content is reduced to less than 

55 0.005%. 

(2) The addition of a small amount of Ti is effective for further improving toughness of welds. This effect 
can be further increased by the addition of Cu and W. 
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(3) In order to further improve the resistance to oxidation and corrosion, the addition of Cu is essential. 
As a precipitation hardening element, V and Nb are added each in a restricted amount. Since W is more 
effective than Mo as a precipitation hardening element, W rather than Mo is essential to the present 
invention. 

5 The reasons for restricting the steel composition of the present invention as in the above will be 

explained in detail. Carbon: 

Carbon will combine with Cr, Fe, W, V, Nb. and Ti, and Mo. when added, to form carbides thereof, 
contributing to an increase in high temperature strength. In addition, since carbon itself is an austenite- 
former, the presence of carbon in steel is critical for forming a martensite. bainite, or pearlite phase. 

w When the carbon content is smaller than 0.03%, the amount of carbides precipitated is smaller than that 

required to produce sufficient strength. In addition, excess formation of a 5-phase is inevitable, resulting in a 
deterioration in toughness. On the other hand, when the carbon content is over 0.12%, the excess amount 
of precipitated carbides makes the steel harder with a degradation in formability as well as weldability. 
Thus, the carbon content of the present invention is defined as 0.03 - 0.12% and preferably as 0.05 - 

75 0.08%. 

Si: 

Si is added as a deoxidizer to improve the resistance of steel to steam oxidation. When the Si content 
20 is over 0.70%, the toughness as well as formability are degraded with a decrease in high temperature 
strength. In particular, embrittlement after tempering is accelerated for a thick-wall structural member. Thus, 
the Si content is defined as 0.70% or less. 

Mn: 

25 

The addition of Mn is effective for improving hot workability and for achieving satisfactory high 
temperature strength regardless of manufacturing conditions for a wide range of the alloy composition. 
When Mn in an amount of less than 0.1% is added, it is not effective. On the other hand, when the Mn 
content is over 1.50%, the resulting steel becomes hard, and formability as well as weldability are impaired. 
30 In addition, like Si, Mn makes the steel sensitive to embrittlement after tempering. Thus, the upper limit of 
the Mn content is restricted to 1.50%. 

Ni: 

35 Ni is an austenite former, and the addition of Ni is effective for improving toughness. In view of the 
effectiveness of Ni addition to reduce hot cracking of Cu-containing steels, it is desirable that Ni is added in 
an amount equal to or 1/4 - 1/2 of the Cu content, i.e., Ni(%) = Cu(%) or Ni(%) = (1/4 - 1/2)xCu(%). When 
Ni is added in an amount of over 2.0%, the high temperature creep strength of the resulting steel is 
degraded. From a cost viewpoint, excess addition of Ni is to be avoided. Thus, according to the present 

40 invention the Ni content is restricted to 2.0 % or less. 

Cr: 

Cr is essential to improve the resistance to oxidation as well as the resistance to corrosion at high 
45 temperatures for a low-Cr ferritic steel. One of the purposes of the present invention is to provide a heat- 
resistant steel which can exhibit a satisfactory level of creep strength at such high temperatures as 550 - 
625 °C. Another purpose is to provide a heat resistant steel with improved corrosion resistance. Thus, for 
improving the resistance to oxidation and corrosion, it is desirable that the Cr content be restricted to not 
lower than 1.50% from a practical viewpoint. On the other hand, an excess amount of Cr adversely affects 
50 the above-mentioned high temperature properties which a low-Cr ferritic steel should have, so the upper 
limit of Cr is restricted to 3.50%. Furthermore, when the Cr content is over 3.50%, the toughness, 
weldability and thermal conductivity are degraded, and material costs increase. 

W: . 

55 

Tungsten is effective to promote solution hardening, and tungsten itself precipitates in the form of fine 
carbides to promote precipitation hardening. Thus, the addition of W is effective to markedly increase the 
creep strength of steel. 

5 
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Contrary to the prior art in which Cr-Mo steels have been mainly employed, according to the present 
invention, tungsten is employed instead of Mo. Since the atomic dimensions of W are larger than those of 
Mo and the diffusion coefficient of W is smaller than that of Mo, the effectiveness of W at improving the 
reep strength at a high temperature of 550 *C or higher after a long period of lime is greater than that of 
5 Mo. Thus, according to the present invention, a W content in an amount of 1.0 - 3.0% is essential. When 
the W content is lower than 1.0%, it is not substantially effective. On the other hand, when the W content is 
over 3.0%, the resulting steel is so much hardened that toughness, formability, and weldability are 
degraded. A preferred W content is 1.4 - 1 .8%. 

jo V: 

Vanadium is combined mainly with C to form a fine carbide, VC, the precipitation of which is effective to 
improve creep strength. However, when the V content is less than 0.10%, it is not sufficiently effective. 
When the V content is over 0.35%, the creep strength properties are deteriorated, resulting in a degradation 
75 in toughness and weldability. Thus, the V content is restricted to 0.10 - 0.35% in the present invention. 

Nb: 

Niobium, just like vanadium, is combined mainly with C to form a fine carbide, NbC, the precipitation of 
20 which is effective to improve creep strength. In particular, since the carbide is stable at a temperature of 
625 °C or lower, improvement in creep strength is marked at such high temperatures. However, when the 
Nb content is less than 0.010%, it is not adequately effective. When the V content is over 0.10%, the steel 
is hardened, resulting in a degradation in toughness and weldability. Thus, the Nb content is restricted to 
0.010 - 0.10% in the present invention. 

25 

Al: 

Al is added as a deoxidizer. In the prior art Al is added in an amount sufficient to give a sol. Al content 
of 0.005% or larger, and a thorough deoxidization is achieved. However, according to the present invention 

30 the addition of an excess amount of Al is avoided in order not to deteriorate the creep strength and 
toughness. This is because Al is combined with N to shift the quantitative balance between the contents of 
B and Ti, causing a change in structure of fine precipitates. Thus, according to the present invention the Al 
content is restricted to 0.0050% or less, preferably to less than 0.0050%. It is to be noted that deoxidation 
will be carried out by other elements, such as C, Si, Mn, La, Ce, Y, and Mg, even if such a small amount of 

35 Al is added. 

B: 

The addition of a very small amount of B is still effective to disperse and stabilize carbides so that the 
40 creep strength at high temperatures and after a long period of time can be improved markedly. Especially, 
this effect is remarkable when the N content is reduced to a much lower level than the upper limit of N 
which will be mentioned later. It is to be noted that when the N content is large, B is combined with N to 
form coarse precipitates, which do not improve high temperature strength. 

Thus, according to the present invention, the effectiveness of B can be maximized when the Al content 
45 is restricted to a lower level within the range defined in the present invention and the contents of Ti and N 
are balanced. 

When the B content is less than 0.0001%, its effectiveness is very small. When the B content is over 
0.020%, formability and weldability are deteriorated markedly and further improvement in creep strength is 
not expected. Thus, the B content is restricted to 0.0001 - 0.020%. 

50 

Ti: 

Ti is combined with C and N to form Ti(C,N). According to the .present invention a very small amount of 
Ti is added so as to fix N, since Ti very easily reacts with N. The fixation of N with Ti is very effective to 
55 improve the creep strength and toughness of B-containing steels. The toughness is improved by decreasing 
the amount of N in solid solution. When the Ti content is less than 0.001%, however, it is not adequately 
effective. On the other hand, when the Ti content is over 0.050%, coarse particles of Ti(C,N) are 
precipitated, resulting in a marked degradation in strength and toughness. Thus, according to the present 
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invention, the Ti content is restricted to not less than 0.001% but less than 0.050%. 
N: 

5 As stated above, the presence of nitrogen in solid solution markedly deteriorates toughness and creep 

strength of the resulting steel. In addition, when nitrogen is combined with V, Nb, and Ti to form coarse 
precipitates, the toughness will be deteriorated. It is also found that the presence of N makes a bainite, 
martensite, or pearlite phase unstable at high temperatures. Thus, the N content is restricted to 0.0050% or 
less, preferably to less than 0.0050%. 

w 

Cu: 

The addition of Cu is effective to increase the steel strength due to improvement in solution hardening 
as well as precipitation hardening. The addition of Cu is also effective to improve the resistance to oxidation. 
75 Furthermore, the presence of Cu can promote formation of a martensite phase with resulting improvement 
in toughness. 

When the Cu content is less than 0.10%, the above-mentioned effect cannot be expected. On the other 
hand, when the Cu content is over 2.50%, hot workability and ductility will be impaired. Thus, the Cu 
content of the present invention is restricted to 0.10 - 2.50% and preferably to 0.20 - 1.0%. 
20 The balance of the low alloyed steel of the present invention is comprised of Fe and incidental 

impurities, in which the content of P and S should be reduced to as small a level as possible in order to 
avoid degradation in toughness and creep limit. The amount of allowable impurities is 0.030% or less for P 
and 0.015% or less for S. 

The low-alloy heat-resistant steel of the present invention optionally may comprise one of the following 
25 additives. La, Ce. Y, Ca, Zr, Ta. and Mg: 

These elements are added to combine with P, S, and oxygen, which are included in the steel as 
impurities, so as to change precipitates, i.e., non-metallic inclusions to a better form. 

When at least one of La, Ce, Y, Ca, Zr and Ta each in an amount of 0.010% or more is added, 
toughness, strength, formability and weldability can be improved due to the above-mentioned functions of 
30 these elements. When the amount is less than 0.010% for each, they are not substantially effective. On the 
other hand, when the amount is over 0.20% for each, the amount of inclusions increases, resulting in a 
decrease in toughness and strength. 

The addition of Mg in a small amount is also effective because Mg combines with oxygen and S to 
improve the toughness and formability of the steel. The addition of Mg is also effective to improve the creep 
35 ductility as well as the strength of the steel. When the Mg content is less than 0.0005%, it is not effective. 
When the Mg content is over 0.050%, however, there is no further improvement expected, and there is a 
degradation in formability. Thus, the Mg content, if Mg is added, is restricted to 0.00050 - 0.050%. 

Two or more of the elements La, Ce, Y, Ca, Zr, Ta, and Mg may be added, if desirable. In such a case, 
it is preferable that the total amount of these added elements be restricted to not larger than 0.20%. 

40 

Mo: 

Mo, like W, is effective to promote solution hardening as well as precipitation hardening. Mo is an 
optional element in the present invention. However, when Mo is added in combination with W, the high 

45 temperature strength of the steel can be improved markedly. In addition, when a small amount of Mo is 
added, it is also effective to improve toughness. The lower limit of Mo addition is 0.010%. When the content 
of Mo is over 0.40%, no further improvement in high temperature strength can be expected, and toughness 
and formability are degraded. Thus, when Mo is added, the amount of Mo is restricted to 0.010 - 0.40%, 
and preferably to not less than 0.010% and less than 0.10%. 

50 The present invention will be further described in detail on the basis of working examples, which are 
presented merely for illustrative purposes and are not restrictive of the present invention in any way. 

Examples: 

55 Steels having the alloy compositions shown in Table 1 were melted, in a vacuum melting furnace with a 

capacity of 150 kg. The molten steels were cast into ingots which were then forged al a temperature of 
1 150 - 950 • C to form plates having a thickness of 20 mm. 
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Steel A corresponded to JtS STB A 22 and Steel B corresponded to JIS STB A 24,. which are typical, 
conventional low-Cr ferritic steels. 

Steels C and D were comparative, in which V or Nb was added to 2 1/4Cr-1Mo steels of the 
precipitation hardening type. Steel E - Steel I further contained B, N, Ti, or Cu. Steel H - Steel J contained 
5 Mo in combination with W. 

Steel K - Steel O were also comparative and had substantially the same alloy composition as 21/4Cr- 
containing steels of the present invention except for the contents of N and Al. 

Steel P - Steel T corresponded to typical 1 Cr-containing steels which are disclosed in Japanese 
Unexamined Laid-Open Patent Specification No. 2-217439/1990. 
10 Steels Nos. 1 through 42 were examples of steels of the present invention. 

Normalizing and tempering heat treatments were carried out as follows. 

i) For Steels A and B: 

920 • C X 1 h — Air Cooling — 720 'CX1 h — Air Cooling 

ii) For Steels C through T and Steels Nos.1 through 42: 

75 1050°C X 0.5 h — Air Cooling — 780 • C X 1 h — Air Cooling 

Test pieces for a tensile test at room temperature were specimens measuring 6 mm (diameter) X GL 30 
mm. The same test pieces were used in the creep rupture test, in which the test was run for at most 15000 
hours at 600 *C and the creep rupture strength at 600 °C X 10 4 h was determined based on the data 
obtained. 

20 Test pieces for the Charpy impact test were specimens measuring 10 X 10 X 50 (mm) with a 2mm* 

deep V-shaped notch (JIS No.4 test piece). Using the Charpy test results, the ductility transition tempera- 
ture was determined. 

Furthermore, weldability tests, i.e., slanting y-shaped restrain weld cracking tests (JIS Z 3158) were 
conducted so as to determine the preheating temperature at which weld cracking could be prevented. 

25 The test results are summarized in Table 2 and in Figures 1 through 5. 

Figure 1 shows the relationship between the Ti content and creep rupture strength at 600 e C X 10 4 h. 
Figures 2 and 3 show the relationship between the N or Al content and creep rupture strength at 600 • C X 
10* h for 2 1/4Cr-containing steels, and Figures 4 and 5 show the relationship between the N or Al content 
and creep rupture strength at 600 e C X 10 4 h for 1 Cr-containing steels. 

30 As is apparent from the test results shown in Table 2, the steels of the present invention exhibit 
satisfactory ductility, i.e., a tensile elongation at room temperature of 25% or more. The ductility transition 
temperature is not higher than -25 • C, which means that toughness of the steel of the present invention is 
satisfactory. 

It is also apparent from Figure 1 that the addition of a small amount of Ti is very effective to give a 
35 creep rupture strength of 11.5 kgf/mm 2 , which is two times larger than those obtained for comparative 
Steels A and B. 

Figures 2 through 5 show that steels containing less than 0.005% each of N and Al exhibit markedly 
improved creep rupture strength. Furthermore, the addition of a very small amount of Ti to such steels 
containing less than 0.005% each of Al and N is very effective to further stabilize the presence of N, which 
40 can promote the effectiveness of W, B and other alloying elements to strengthen the steel. 

It is also to be noted that Table 2 indicates that the preheating temperature to avoid the occurrence of 
weld cracks is 120 °C or lower for the steels of the present invention, which is comparative to that of the 
comparative steels, of which Steels C through J are more sensitive to weld cracking because they contain 
excess amounts of N and Ti, in spite of the fact that they contain V and Nb. 

45 



50 



55 



BNSDOCID: <EP. 



_0560375A2J_> 



BP 0 560 375 A2 



































»o 

CO 


CO 

CO 




CO 

o 


s 


































o 


CO 




o 


CO 


































CM 


CO 


- 


CM 


CO 


«J 
O 
































o 

CO 

s 

CO 

* 


CO 
CM 

s 

CO 


CO 
CO 

s 

CO 

* 


eo 

1 

CO 

Jf 


CO 

CO 

§ 

CO 
















S 


CO 


<5 












CO 
CM 


o 


s 


CO 
CO 


CO 


s 


<-> 






















o 


o 


<=> 








CO 






CO 




o 


CO 

o 


r— 

s 


r— 
o 


s 




§ 


s 




CO 

s 


C- 

8 


o 
o 




8 


o 


CM 

o 


CO 
CO 




CO 


CO 




cz> 


CO 


co 


o 


co 


eo 


CO 


co 


eo 


o 


co 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


o 


CO 












§ 


§ 


§ 








§ 


CM 

o 


CO 
CO 


§ 


co 




CO 


co 

CO 




OO 

s 












co 


CO 


O 




o 


o 




o 


o 


CO* 


co 




CO 


CO 




co 


- 










§ 


0025 


0025 




0032 


0015 


0042 


0038 


0039 


_ 

I 


_ 

I 


n 


0049 


8KX) 


0049 


0050 












CO 


eo 


o 




o 


eo 


o 


o 


CO 


CO 


o 


o 


o 


CO 


CO 


o 






g 

eo 




45 


cQ 

<=> 


i 


§ 


o 

s 


S 


CO 


i 


1 


§ 


— 

CO 


s 




I 


§ 


r— 

8 


















CO 


CO 


o 


<=> 


CO 




CO 






CO 




CO 


CO 


CO 








CO 


m 
<5 


co 




S 


s 


s 


js 


ss 


s 


s 


3 


CO 

J5 


s 


s 


3 




<9 














CO 


co- 


d 


o 


eo 


<=> 


o 


CO 






o 


co- 


co- 


co 


CO 








CM 


CM 


CO 
CM 


S 


co 


CO 
CM 




CM 


CM 


CM 




CM 


CM 


CM 


co 

CM 


co 

CM 


CM 


CO 
CM 


0> 












o 


eo 


o 


<o 


<=> 




o 


CO 








CO 


CO 


CO 


CO 


ft 
















2.01 




2.02 


Jo 








to 

"** 


2.02 


CO 
CM 


s 


s 


3 

CM 






eo 
o 


8 


s 


s 




s 


S 


CM 


CM 


s 


s 


s 




CM 
CO 


CM 


CO 




CO 


CM 




co 


*™ 


o 


CO 


CD 






CO 


o 


CO 


CO 


o 


CO 


CO 


CO 


CO* 


CO 




CO 


CO 




s 


55 








eo 


CM 




CO 


CM 




S3 


S3 






5S 


8 


s 


s 




CJ 






CM- 


CM 




CM* 


CM- 


CM- 


CM* 


CM 


CM 


CM 


CM 


CM 


CM 






CO 










eo 


CO 


c3 




s 


CM 


CM 


s 


CO 




s 


s 








o 


s 


s 


8 




CO 


co 


CO 


eo 


eo 


CO 


CO 


CO 




CO 


CO 


O 


o 


CO 


o 


CO 


CO 


CO 


CO 


CO 


CO 


§ 


§ 


I 


§ 


§ 


§ 


§ 


§ 


§ 




§ 


§ 


§ 


II 


§ 


I 


§ 


§ 


I 


I 






co- 


O 


CD 


eo 




CO* 


co- 


eo 


CO 


CO 


o 


CO 


co- 


co* 


o 


CO 


CO 


CO 


CO 




CO 




cm 




CM 


•o 


CO 




CM 






CM 


CO 




§ 


CM 






CM 






co 


co 


O 


o 


CO 


5 


co 


co 


o 


5 


o 


o 


co 


o 


CO 


o 


o 


CO 




CO 


o 


CO 


eo 


CO 


<=> 


CO 


co 


o 


o 


co- 


CO 


o 


CO 


CO 


CO 


CO 


CO 


co- 


CO 




CO 




*o 


« 




CM 
CO 


CO* 


no 




CO 


co 


I— 


^— 


tn 


CM 


a 






co 
to 


*o 

CO 




o 


o 


o 


<o 


O 


o 


co 


CO 


co 


o 




o 






CO 


CO 


CO 


o 


CO 


CO 




Jo 






CO* 




<s 


CM 


«r> 


8 


c* 


8 


CM 


R 






CO 


CO 


c$5 


1 — 
co 


CO 


«o 


<=> 


co 


o 


o 




eo 


eo 


co 


<=> 


eo 


<=> 


O 


CO 


CO 


CO 


eo 


CO 




CO 


CO 






CM 


CO 


CO 


s 


jo 




<eo 


CM 


s 


s 


s 


s 


s 


s 




CO 


o 


8 






d 


o 


o 


o 


CO 


o 


CO 


co 


o 


co 




o 


CO 




o 


o 


CO 


o 


CO 


CO 


£ 




























































1 

c_> 


o> 























50 



55 



9 

BNSDOCID. <EP 0560375A2_L> 



EP 0 560 375 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



3? 



S 



s 



8 



s 



s 



s 



8 



8 



S 



8 



8 



8 



8 



8 



8 



8 8 



S 



8 



2 



5 



8 



8 



8 



8 8 



8 



8 



8 



8 



8 



?5 



8 



S 



8 



8 



8 



8 



55 



10 



BNSDOOD: <EP_ 



_0560375A2_I_> 



EP 0 560 375 A2 



70 



75 



20 



25 



30 



35 



40 



45 



eO 







! 














! 














CM 

o 






i 




























o 






i 
















CD 


8 

CD 


CD 


o 

CD 


Cd 


CM 

3 


CM 
O 






















2 




CD 

•a 

<-> 


m 


CD 

mi 

*-> 




CD 


Others 


co 
o 

o 


o 
cd 

s-> 


CM 

o 

CD 

•M 


e 
o> 
«-> 


s 

CD 


CM 
CD 

Jf 


o 
>- 


CD 
CD 

%> 

CD 


.Ti:0 03 


CM 
CD 

CD 

«• 


,Tl:0 .04 


co 

CD 
>- 


CD 

«• 

♦— 


CD 
CD 
w_ 
♦«* 


CD 
CD 
>- 


.Ce.0. 02 




cd 




co 
o 


CO 

o 


CM 
CD 


CM 
O 


o 


CM 
CD 


3 




CD 


CD 


3 


CD 


co 

CD 


o 




cd 


o 


o 


cd 


O 




CD 


CD 




CD' 


CD 


CD 


CD 


CD 


CD 


CD 








im 


^» 


»5 






is 


«• 

— -> 


>» 




•i 
<_? 




>^ 




at 


3 


CO 

s 


CM 

m 


m 


<o 


o 

CM 


CM 


co 

CM 


CO 


CO 


CM 


8 


CO 


Cm 


CM 


CO 


X 


<_> 


















CD 


















s 

8 


s 




s 

© 


CM 
CD 

s 


CO 
CD 

© 


s 

© 


CO 
CD 

© 


§ 


CM 
CD 
CD 




I 

CD 




CO 
CD 


I 

CD 


1 




O 


cd* 


o 












CD 




CD 








CD 


CD 




§ 

o 


§ 


g 






§ 


§ 


§ 


I 


CM 

s 


§ 


§ 






§ 


3 




cd 


o 


o 






CD 


CD 


o 


O 


CD 
























p. 


ao 




CM 




co 










OO 






CO* 


§ 


§ 


H 




S 


S 




I 


8 


§ 




li 


n 


8 


CO 

8 




o 


o 




o 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 




s 

o 


cd 




co 

o 
© 


CM 

© 


CO 

o 

© 


CD 


§ 

CD 


i 


§ 


§ 


§ 


I 


§ 


CM 

s 


8 




cd 


o 














CD 




CD 




CD 


CD 


CD 


CD 




8 




3 


CO 


CO 
CD 


CM 

© 


o 


© 


s 


© 


& 


56 
o 


CD 


SB 


CD 


s 




















O 


Cj> 


CD 


CD 


CD 


CD 


CD 


CD 




CM 


CM 




CM 
CM 


CD 
CM 


ao 


r«- 


CM 


CM 


SR 

CM 




CM 


CM 






CM 




o 












c> 


cd" 


CD 










ci 


CD 


CD 




8 




3 


3 


3 


r— 

OP 


to 


3 


3 


3 


CM 


98 


r— 
lO 


s 


8 


t— 




3 


& 


















3 








CM 






o 


CD 


















CD 








CD 






CD 


m 


8 


S3 


CM 


S3 


8 


£ 


3 






CO 


8 


s 


& 


CM 


w 




csi 


CM 


CM 


cm 


Csi 


oi 






CM 


CM 


CM 


CM 


est 


csi 


csi 




Ob 


So 


CM 


CO 


cS 




S3 




e 




CO 




*> 




S3 


S3 




O 




o 


O 


<=> 


CD 


CD 


CD 


o 


CD 


o 


CD 


CD 


CD 


CD 


CD 




§ 


§ 


§ 


I 


§ 


§ 


§ 


1 


§ 


8 


I 


CO 

§ 


8 


§ 


CO 

8 


I 




o 


o 


o 


o 


CD 


CD 


o 


CD 


CD 


o 


O 


o 


o 


CD 


o 




a- 


CO 

o 




•o 
o 


CM 
O 


CD 


§ 




§ 


§ 


§ 




CM 

o 


§ 


§ 


8 


CM 
O 




o 


o 


o 


o 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 




s 


175 




55 




In 


tO 


2 


8 


<5 


& 




<o 


CO 

+m 


r- 


a> 






<=> 






cd 




o 


«=> 


CD 


CD 


CD 


CD 


CD 




CD 


CD 






CM 


CO 


8 


CM 


cS 


CO 


ao 


tr> 




co 




t»- 


CD 


S3 


CM 




o 


o* 


o 


cd 


CD 


CD 


CD 




CD 


CD 


CD 


CD 


o 


CD 


CD 


CD 




s 


& 


e— 
o 


oo 

CD 


s 


3 


r— 

cd 


8 


3 


8 


s 


8 


3 


& 


8 


8 




CD 


O* 


o 


o 


CD 


CD 


CD 


CD 


o 


CD 




o 


CD 


CD 


CD 


CD 


It 






CO 


r— 


ao 


cx> 




CM 


a 


S3 


CM 


m 

CM 




CM 




CM 



50 



55 



11 



BNSDOCID. <EP. 



.0550375A2_I_> 



EP 0 560 375 A2 



w 



15 



20 



25 



30 



35 



40 



45 



50 



8 

o 



§ 



s 



CD O 



! S 



o 3 



S 8 



8 



s 



8 



8 



3 

o 



s 



3 

<*> 

CO 

s 



3 



8 



3 



3 



3 



3 



8 



3 



8 



3 



3 



S3 



S 



8 X 



§3 



8 



8 



S3 



8 



8 



3 



8 



8 



3 



8 



3 



8 



S3 



3 



. 55 



12 



BNSDCCID: <EP. 



.0S60375A2_L> 



EP 0 560 375 A2 



Table 2-1 







Tensile Test (Room temperature) 


Tranci 1 inn 
1 1 alto I i i uii 

Temperature 
by Charpy 
Impact Test 

ro 


Creep 
Rupture 
Strength 
(kgf/mm 2 ) 


Prehea t ing 
Temperature 

ior rrcvciiiiiifc 
Weld Crack 

( C; 




Nq 


Tensile 
c t rpnet h 

Oil Cl 1 6 l ll 

(kgf/mm 2 ) 


0. 2% Proof 
Strength 
(kgf/mm 2 ) 


Elonga- 
t i on 

(%} 




A 


51.2 


32.4 


37 


-35 


5.6 


125 




B 


56.3 


39.2 


32 


-32 


6.2 


100 




C 


74.3 


62.4 


. 25 


10 


8.5 


250 




D 


71.0 


59. 3 


22 


0 


9. 3 


200 




E 


68.6 


56.5 


23 


26 


11. 2 


175 




F 


71.2 


58.2 


25 


32 


10. 3 


225 




G 


70.8 


57. 1 


19 


27 


11. 1 


250 


Compara- 


H 


72.6 


59. 3 


21 


15 


8.7 


275 


l ive 


1 


74.1 


63.0 


17 


30 


7.3 


250 




J 


70.5 


59.7 


19 


35 


7.4 


225 




K 


67.3 


57.2 


27 


-25 


11. 3 


125 




L 


68.2 


56.8 


22 


-32 


11. 1 


125 




M 


67.5 


57.0 


23 


-30 


11.4 


125 




N 


68.6 


57.2 


22 


-35 


11.2 


100 




0 


68.3 


56.9 


20 


— Li 


1 1 i 


100 

lUv 




P 


68.1 


56.4 


22 


-35 


12.0 


100 




Q 


67.5 


57.2 




-30 


11.9 


100 




R 


67.8 


57.0 


23 


-33 


12.2 


100 




S 


68.3 


55.3 


18 


-35 


12. 1 


125 




T 


68.5 


56.5 


20 


-31 


12.4 


125 



t : Slanting y-shaped restrain weld cracking test < J IS Z 3158). 
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(Cont inued) Table 2-2 



5 






Tensile Test (Room temperature) 


Transi t ion 
Tempera t ure 
by Charpy 

Imn? r> t Toot 

nopal l i cs i 

CO 


600*Cxl0 4 h 

Creep 

Rupture 

C 1 rontrt h 

oi rengm 
(kgf/mra 2 ) 


Preheating 
Tempera t ure 
for Preventing 

U/d 1 H P ra rk 
Wc 1 U LI dLR 

CO 






No 


Tensi ie 

Strength 

(kgf/mra 2 ) 


0. 2% Proof 
Strength 
(kgf/rom 2 ) 


Elonga- 
t ion 

(%) 


70 




1 


75.0 


64. 2 


25 


-32 


11. 5 


125 






2 


72. 1 


61.0 


27 


-25 


12.3 


100 






3 


71.5 


59. 1 


28 


-35 


13. 2 


100 


15 




4 


69.7 


57.3 


25 


-42 


14. 1 


75 






5 


71.2 


60.3 


29 


-50 


13.0 


75 




Invent ion 


6 


66.8 


57.3 


26 


-47 


12.5 


100 


20 




7 


65.8 


56.4 


30 


-35 


14.3 


75 






8 


67.5 


58.9 


27 


-28 


12.8 


75 






9 


69.4 


57.5 


26 


-30 


12.5 


75 


25 




10 


67.2 


56.0 


29 


-45 


13.0 


100 






11 


69. 1 


57.3 


27 


-45 


11.9 


100 






12 


67.6 


55.4 


26 


-30 


12.4 


75 


30 




13 


68.3 


57.2 


25 


-38 


13.4 


100 






14 


64.9 


55.0 


26 


-28 


12.8 


100 






15 


65.8 


56.2 


27 


-40 


14.5 


100 


35 




16 


67.4 


56.3 


26 


-35 


13.8 


75 



* : Slanting y-shaped restrain weld cracking test (JiS Z 3158). 
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(Continwd) Table 2-3 



5 






Tensile Test (Rom teapentvre) 


Trios i t ion 
Temperature 

lapact Test 

( 


600"CxlO'h 

Creep 

Rupiurc 

Strength 
(kgf/M 1 ) 


Preheat i nc 
Temperature 

( r\r PrAUDnl i no 

I or rrevcn i i ng 

Weld Crack 

\Q) 








Tensi le 

Strength 

(kgf/M 1 ) 


0. 2% Proof 
Strength 
<kgf/« l ) 


Elonga- 
tion 
(X) 


10 




17 


68.3 


57.3 


26 


-37 


13. 4 


75 






18 


68.1 


56.5 


27 


—33 


12. 2 


75 






19 


70.5 


58.1 


28 


-41 


14. 0 


125 


15 




20 


71.4 


60.2 


25 


-33 


13. 0 


100 






21 


69.0 


58.2 


29 


-45 


13. 4 


75 






22 


65.8 


53.4 


28 


-42 


13. 2 


100 


20 




23 


67.3 


55.4 


28 


-41 


12. 9 


100 






24 


6a 4 


56.0 


29 


-28 


12. 8 


100 






25 


69.5 


54.9 


27 


-30 


13. 1 


100 


25 


Invention 


26 


67.8 


56.7 


27 


-34 


12. 1 


75 




27 


67.4 


57.4 


26 


-42 


13. 5 


75 






28 


66.8 


56.3 


29 


-35 


13. 7 


75 






20 


69.1 


58.5 


27 


-50 


12.4 


125 | 


30 




30 


70.1 


59.2 


27 


-48 


12. 8 


100 






31 


70.6 


58.0 


26 


-46 


12. 5 


100 






32 


71.3 


61.4 


26 


-37 


13. 2 


75 


35 




33 


72.4 


60.8 


27 


-40 


11. 8 


125 






34 


73.6 


61.7 


28 


-35 


11.9 


125 






35 


70.5 


57.1 


27 


-30 


13. 5 


100 


40 




JO 


69.4 


56.6 


26 




l A Q 

14. 8 


1 AA 

100 






37 


72.2 


60.5 


25 


-37 


15. 1 


125 






38 


71.5 


61.2 


27 


-40 


15.3 


125 


45 




39 


73.3 


62.1 


28 


-38 


15.4 


100 






40 


70.9 


58.3 


26 


-38 


14.9 


125 






41 


69.2 


57.1 


25 


-40 


14.3 


100 ! 


50 




42 


69.6 


56.9 


23 


-39 


14. 1 


100 



♦ : Slanting y-shaped restrain weld cracking test (J IS Z 3158). 
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1. A low-Cr ferritic steel with improved toughness as well as creep strength which consists essentially of, 
by weight %: 
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C : 0.03 * 0.12%, Si: 0.70% or less, Mn: 0.10 - 1.50%, 
Ni: 2.0% or less, Cr: 1.50 - 3.50%, W : 1 .0 - 3.0%, 
V : 0.10 - 0.35%, Nb: 0.01 - 0.10%, 
B : 0.00010 - 0.020%, N : 0.005% or less, 
5 Al: 0.005% or less, 

Ti: not less than 0.001% but less than 0.05%, 
Cu: 0.10 - 2.50%, 

at least one of La, Ce, Y, Ca, Zr, Ta each in an amount of 0 - 0.20%, and Mg in an amount of 0 - 
0.05%, 

w Mo in an amount of 0 - 0.40%, and 

a balance of Fe and incidental impurities including P: not more than 0.030% and S: not more than 
0.015%. 

2. A low-Cr ferritic steel as set forth in Claim 1 including at least one of La. Ce. Y, Ca, Zr, Ta each in an 
75 amount of 0.01 - 0.20% and Mg in an amount of 0.0005 - 0.05%. 

3. A low-Cr ferritic steel as set forth in Claim 1 or 2 wherein 

Mo is present in an amount of 0.01 - 0.40%. 
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Fig. 2 



Ocvj 

si 



J*. 



Ll) 



i— — 

CLO 
LiJ , 

o: h- 



20 



olLOW-AL STEELS (AL< 0.005% 



~ 15 



A1HK3H-AL STEELS (AL^Q.005%) 
37~*0 PRESENT INVENTION 
K - 0 COMPARATIVE 

37 



10 




0.005 



0.01 



0.015 



N CONTENT (% BY WEIGHT) 



20 



15 



10 



Fig. 3 



o ILOW-N STEELS ( N < 0.005% ) 



a HIGH-N STEELS (N 2t 0.005%) 



37 ^40: PRESENT INVENTION 
K - 0 : COMPARATIVE 
39 



38 



A--. 
K 




o 



N 



0.005 



O.Ol 



0.015 



AL CONTENT (% BY WEIGHT) 



18 



EP 0 560 375 A2 



If 

CO 



UJ _ 

ceh- 



Fig. 4 



20 



ojLO W-AL STEELS (AL< 0.005%) 
3E 



a|hIGH-AL STEELS (AL^O.005%) 



15 



10 



41 , 42 : PRESENT INVENTION 
P ~ T COMPARATIVE 




0.005 0.01 
N CONTENT (% BY WEIGHT) 



0.015 



CC<r 

ceo 

UJ 

cri- 

o< 



20 



15 



10 



LDW-N STEELS ( N < 0.005%) 



aHGH-N STEELS (N S 0.005%) 



41 , 42 -PRESENT INVENTION 
P ~ T : COMPARATIVE 




0.005 



0.01 



0.015 



AL CONTENT. (% BY WEIGHT) 



BNSDOC1D: <EP 0560375A2J_> 



19 



<s> 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 
EUROPEAN PATENT APPLICATION 



0 560 375 A3 



© Application number: 93104032.3 
® Date of filing: 12.03.93 


© Int. CI. 5 : C22C 38/00 


© Priority: 12.03.92 JP 53765/92 


© Inventor: Iseda, Atsuro 


04.03.93 JP 43993/93 


19-15 Takenodai 5-chome, 


© Date of publication of application: 


Nishi-ku 


Kobe-shi, Hyogo-ken(JP) 


15.09.93 Bulletin 93/37 


Inventor: Sawaragi, Yoshiatsu 


® Designated Contracting States: 


26-2 Tendo-cho 


Nishinomiya-shi, Hyogo-ken(JP) 


DE FR GB 


Inventor: Masuyama, Fujimitsu, c/o Nagasaki 




Res. & Dev. Ctr 


Date of deferred publication of the search report: 


Mitsubishi Jukogyo K.K., 


12.01.94 Bulletin 94/02 


717-1, Fukahori-machi 




5-chome, Nagasaki-shi, Nagasaki-ken(JP) 


© Applicant: SUMITOMO METAL INDUSTRIES, 


Inventor: Yokoyama, Tomomitsu, c/o 


Mitsubishi Jukogyo K.K. 


LTD. 


5-1, Marunouchi, 


5-33 Kitahama 4-chome 


2-chome 


Chuo-ku 


Chiyoda-ku, Tokyo(JP) 


Osaka-shi, Osaka(JP) 




Applicant: MITSUBISHI JUKOGYO KABUSHIKI 




KAISHA 


© Representative: TER MEER - MULLER - 


5-1, Marunouchi 2-chome 


STEINMEISTER & PARTNER 


Chiyoda-ku 


Mauerkircherstrasse 45 


Tokyo(JP) 


D-81679 Munchen (DE) 


© Low-chromium ferritic heat-resistant steel with improved toughness and creep strength. 

© A low-Cr ferritic steel with improved toughness Ti: not less than 0.001% but less than 0.05%, 
as well as creep strength is disclosred, which con- Cu: 0.10 - 2.50%, 

sists essentially of, by weight %: at least one of La, Ce, Y, Ca, Zr, Ta each in an 
C : 0.03 - 0.12%, Si: 0.70% or less, Mn: 0.10 - amount of 0 - 0.20%, and Mg in an amount of 0 - 
1.50%, 0.05%, 

Ni: 2.0% or less, Cr: 1.50 - 3.50%, W : 1.0 - 3.0%, Mo in an amount of 0 - 0.40%, and 
V : 0.10 - 0.35%, Nb: 0.01 - 0.10%, a balance of Fe and incidental impurities including P: 
B : 0.00010 - 0.020%, N : 0.005% or less, not more than 0.030% and S: not more than 0.015%. 
Al: 0.005% or less, 



CO 

< 

I** 

CO 



CO 

in 



Rank Xerox (UK) Business Services 

(3- 10/3.6/2.3- 1i 



BNSDOCID: <EP 056037SA2 J_> 



EP 0 560 375 A3 



Fig. 1 



I- 

1 — jfc 

s| 


1 «J 

14 - 


UJ ^ 


13- 


p 


12- 




II- 




10- 




9- 




8- 






7- 




6- 


o< 




5-1 




1 1.5 kg f /mm 2 OR HIGHER 

I 



a PRESENT INVENTION 
■ COMPARATIVE 



INVENTION 
RANGE 



O.I 



0.2 



— r 

0.3 



Ti CONTENT (% BY WEIGHT) 



BNSDOCID: <EP_ 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nuabcr 

EP 93 10 4032 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 



Relevant 
to < 



CLASSIFICATION OF THE 
APPLICATION (lot. a.S ) 



X,D 



X,D 



A, D 



PATENT ABSTRACTS OF JAPAN 

vol. 12, no. 223 ( 0507)24 June 1988 

& JP-A-63 018 038 ( KAWASAKI STEEL CORP. ) 

25 January 1988 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 14, no. 522 (C-778)15 November 1990 
& JP-A-22 17 439 ( SUMITOMO METAL IND. 
LTD. ) 30 August 1990 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 6, no. 227 (C-134)12 November 1982 
& JP-A-57 131 349 ( SHIN NIPPON SEITETSU ) 
14 August 1982 

* abstract * 



1-3 



C22C38/00 



1-3 



1-3 



EP-A-0 411 515 (MITSUBISHI JUK0GYO K. 
6 February 1991 

US-A-3 600 161 (NIPPON STEEL CORP.) 
17 August 1971 



K.) 



1-3 



1-3 



TECHNICAL FIELDS 
SEARCHED (lot. a.S ) 



C22C 



The present search report has been drawn up for all claims 



PlacaotMVca 

MUNICH 



28 OCTOBER 1993 



G. BADC0CK 



2 

8 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : docuneot cited for other reasons 



A : member of the same patent family, corresponding 



BNSDOCID <EP 056O375A3J_: 



